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Introduction
This experiment investigated how energy is transferred in a flywheel system. It demonstrates how gravitational potential energy is converted into rotational kinetic energy and evaluates how efficiently the energy is converted. The amount of energy stored in the system depends on various factors such as the mass distribution of the flywheel and its angular velocity. Ideally, all the potential energy of the descending mass would be converted into kinetic energy, making the flywheel spin, however in practice, some energy is lost due to rotational friction and other factors.


Experimental procedure
For this experiment, a weight was suspended from a flywheel and dropped from a predetermined height (H1) of 28 centimetres. The weight dropping causes the flywheel to spin and therefore raise the weight back up once it depletes the string, as the inertia causes the flywheel to continue rotating even after the weight had reached its lowest point. The distance that the weight rose was then measured, as well as how long it took to reach peak height, which allowed for the resulting calculations. 
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Once the experiment was set up, we then loaded the flywheel with weights from 100 to 500 grams and measured the return height and time taken for it to complete enough
rotations to pull the weight back up. For each weight, three drops were completed, and an average of each measurement was calculated.
Raw results
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(Figure 2)
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(Figure 3)


Analysis

All of these results were calculated from the original measurements and results of the experiment for each weight. These results included the time taken (Tt) and the height it returned to (H2) once the flywheel passed its moment of inertia. From there, each next value was calculated and allowed for the eventual calculation of the original Kinetic energy (KE) that the flywheel held, before the weight was dropped, using the equation . The first value to be calculated was the initial PE, using . Next was Mg, which was done by . After this was the PE loss adjusted, which used a more complex equation of  . For Tf, the equation was  . Acceleration was . Finally, the equation for Kinetic energy was .
Furthermore, Figure 3 displays a graph of torque (Nm) and alpha (rad/s), which therefore gave us ‘I’, making it possible to calculate KE. The gradient of the graph shows the moment of inertia for each weight, as the string was depleted and the flywheel's momentum started pulling the weight back upwards.

Conclusion

This experiment, therefore, shows the change that comes along with an increased mass. It causes an increase in potential energy before the weight is dropped, which then further causes the inertia to increase, allowing the flywheel so lift more and more weight, to a very similar height, as seen in the results where it lifted each one regularly to between 0.23 and 0.25 meters above the lowest point, regardless of the weight attached. It also shows the importance of differing weight flywheels in a real world situation, for instance, in a car, a lightweight flywheel will have less inertia and so will be much easier to increase the rpm, and it will fall much quicker due to the lack of momentum, whereas a heavier flywheel will take longer to rise and fall in engine rpm as the inertia will prevent each action and will make the engine work harder to get the same results.
Evaluation

There are a number of flaws involved with this experiment, which would greatly affect its accuracy and use in real life. For instance;
[bookmark: _Int_o5AjZIiv]The experimental procedure and calculations do not take into account forces that would cause inaccuracies, such as frictional forces, which would play a much more impactful role when using lighter weights, but would have very little effect on more substantial masses. Another force that could affect it is air resistance, particularly on much larger objects as opposed to the flywheel in the experiment, however the weight would still be largely affected as it rises, since the flat surface will catch air and the energy from the momentum of the flywheel will be lost.
The experimental procedure used only very light weights for the experiment, going in 100 gram increments up to 500 grams. This further reduces its effectiveness in real life usefulness as the most common use of flywheels is in machinery, very rarely light enough to be comparative to the masses used in this experiment.
Furthermore, the method for calculating each value relies on a previously calculated value, meaning that it is very susceptible to being askew, since f there is an inaccuracy in one of the earlier equations, it would affect each equation after it, meaning there will be false results and therefore false conclusions, which could cause greater impacts further on if the experiment was to be trusted and therefore acted upon in a real life setting.
Additionally the measurements during the experiment could easily be deemed inaccurate as they were judged by eye, and the timing especially could easily be inaccurate due to the reaction time needed and the very small amount of time it rotated for, meaning it would be exacerbated as an effect. The height at which it was dropped from and rose to was also judged by eye, with a 30cm ruler a few centimetres behind the weights, so it is most likely that the weight was not dropped from the exact same height each time, nor would the height they rose to be accurate. This could be negated by using some kind of laser system to time when the weight was dropped and rose to peak, and rather than have a person holding the weight at a height and dropping it, have it automated to have as neutral results as possible, with as little room for human error as possible.
Finally, another downside to this experiment is that the string used during could have easily stretched, which would have affected the accuracy of the results. Even if it made a very subtle difference in this experiment, doing it on a larger scale would exacerbate its effect, which could have disastrous effects if a part is meant to work under very small tolerances, like the majority of machinery.
However, the experiment has also got upsides, for instance;
The experiment is overall very simple, and easy to understand conceptually, as it is essentially just dropping a weight and measuring the rotational forces caused, and the conversion from gravitational potential energy to kinetic energy, so for instance if someone was to pitch it at a company or similar where they would need to convince other people to give funding for example, it would be simple to understand the concept.
Even though the measurement s could have been flawed via human error, it is still also very simple to measure height, time and weight as well as getting relatively accurate measurements with something as simple as a ruler, stopwatch and scales, so again the procedure of the experiment could definitely be described as simplistic.
Another strength of the procedure is that due to its simplicity, it's very easily repeatable, allowing you to take several of each measurement and find an average, therefore making the results more accurate for no extra cost or complexity. Although each measurement was taken three times and an average was found, it would benefit the results to do many more repetitions and fine a true average.







Improvements

To improve this experiment, the first step would be to just repeat the procedure as many times as possible to find the most accurate average values for each weight. This is the cheapest and easiest way to improve the experiment. To make any other meaningful improvement, the experiment would need to be done on a larger scale, with more advanced equipment. Doing this would allow for much smaller tolerances on the height and time measurements, for instance if a laser was to time the moment the weight dropped and how hight it rose before coming to a rest, and if the weight dropping was automated to avoid a person holding it at the wrong height or dropping it at the wrong time. Furthermore, more industrial style components would make the results more comparative to real life, as opposed to lightweight plastic and metal parts. Furthermore, the experiment could be better controlled if there was a way of calculating the effects that air and fictional resistance will have on the flywheel.
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